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XLIV. Of the JiilHng of Waves by means 
of Oil. ExtraEled from fundry Letters 
between Benjamin Franklin, LL. D. 
F. R. S. William Brownrigg, M. D. 
F.R.S. and the Reverend Mr. Farifln 



Extraft of a Letter from Doflor brownrigg to 
Dr. franklin^ dated Ormathwait, January 27, 

l 773* 

Reclde, J* ne T> Y the enclofed from an old friend, a 
*' ,?74 * Jt3 worthy clergyman at Carlifle, whofe 
great learning and extenfive knowledge in moft fci- 
ences would have more diftinguifhed him, had he 
been pfeced in a more conipicuous point of view, 
you will find that he had heard of your experi- 
ment on Derwent Lake, and has thrown together 
what he could colled on that fubje&j to which I 
have fubjoined one experiment from the relation of 
another Gentleman, 

Extraft of a Letter from the Reverend Mr. farish, 

to Dr. brownrigg. 

I fome time ago met with Mr. Dun, who fur- 
prifed me with an account of an experiment you 
had tried upon the Derwent water, in company with 

Sir 
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Sir john PRiNGLE and Dr. franklin* According 
to his reprefentation, the water, which had been in 
great agitation before, was inftantly calmed, upon 
pouring in only a very fmall quantity of oil, and that 
to (o great a diftance round the boat as feems a little 
incredible. I have fince had the fame accounts from 
others, but I fufped all of a little exaggeration. 
pliny mentions this property of oiPas known parti- 
cularly to the divers, who made ufe of it in his days, 
in order to have a more fteady light at the bottom(tf). 
The failors, I have been told, have obferved fome- 
thing of the fame kind in our days, that the water 
is always remarkably fmoother in the wake of a (hip 
that hath been newly tallowed, than it is in one that 
is foul. — Mr. pennant alfo mentions an obferva- 
tion of the like nature made by the feal catchers in 
Scotland. Brit. ZooL VoL iv. Article seal. When 
thefe animals are devouring a very oily fifh, which 
they always do under water, the waves above are 
obferrcd ih, remarkably fmoo t h, and by .his mark 
the nfhermen know where to look for them. — Old 
pliny does not ufually meet with all the credit I am 
inclined to think he deferves. I (hall be glad to have an 
authentic account of the Kefwick experiment, and if 

Note by Dr. brownrxgg. 

(a) Sir gilfred lawson, who ferved long in the army at 
Gibraltar, affures me that the fiftiermen in that place are ao 
cuftomed to pour a little oil on the fea, in order to (till its motion, 
that they may be enabled to fee the oyfters lying at its bottom ; 
which are there very large, and which they take up with a pro- 
per inftrument. This Sir gilfred had often feen there per- 
formed, and faid the fame was pra&ifed on other parts of the 
Spanifhcoafo 

it 
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it comes up to the representations that have been 
made of it, I (hall not much hefitate to believe the 
old Gentleman in another more wonderful pheno- 
menon, he relates, of ftilling a tempeft only by 
throwing up a little vinegar into the auv 

Extrad of a Letter to Do&or brownrigg from 

Dodor FRANKLIN, 

London, Nov. 7^ 1773. 

0EAR SIR, 

I thank you for the remarks of your learned 
friend at Carlifle. — -I had, when a youth, read and 
fmiled at pliny's aceount of a pradice among the 
ieamen of hi^time, to ftill the waves in a ftorm by 
pouring oil into the iea $ which he mentions, as well 
as the ufe made of oil by the divers -, but the ftilling 
a tempeft by throwing vinegar into the air had efcaped 
me. I think with your friend, that it has been of late too 
much the mode to flight the learning of the antients. 
The learned* top,, are apt to flight too much the 
knowledge of the vulgar. The cooling by evapora- 
tion was long an inftanceof the latter. This art of 
fmoothing the waves with oil, is an inftanee of both. 

Perhaps you may not diflike to have an account 
of all I have heard, and learnt, and done in this 
way. Take it if you pleafe as follows. 

In 1757, being at fea in a fleet of 96 fail bound 
againft Louifbourg, I obferved the wakes of two of 
the fhips to be remarkably fmooth, while all the 
others were ruffled by the wind, which blew frefb. 
Being puzzled with the differing appearance, I at laft 

ported 
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pointed it oat to our captain, aod a&ed him the 
meaning of it? "The cooks, &ys he, haye, I fuppofe, 
been juft emptying their greafy water through the 
fcuppers, which has greafed the fides of thole fhip$ 
a little ;** and this anfwer he gave me with an air of 
fome little contempt, as to a perfon ignorant of what 
every body elfe knew. In my own mind I at firft 
flighted his folution, tho' I was not able to think of 
another. But recolle&ing what I had formerly read 
in pliny, I refolved to make fome experiment of 
the effeft of oil on water, when I fhould have op- 
portunity. 

Afterwards being again at fea in 1762, I firft ob- 

ferved the wonderful quiefcnefs of oil on agitated 

water, in the Twinging glafe lamp I made to hang up 

in the cabin, as defcribed in my printed papers, page 

438 of the fourth edition* — This I was continually 

looking at and considering, as an appearance to me 

inexplicable. An old fea captain, then a paflfenger 

with me, thought little of it, fuppofing it an eftedt 

of the fame kind with that of oil put on water to 

fmooth it, which he faid was a practice of the jser- 

mudians when they would ftrike fifli, which they 

could not fee, if the fur face of the water was ruffled 

by the wind. This pra&ice I had never before heard 

of, and was obliged to him for the information 5 tho* 

I thought him miftaken as to the famenefs of the 

experiment, the operations being different j as well 

as the eflFe&s. In one cafe, the water is fmooth till 

the oil is put on, and then becomes agitated. In 

the other it is agitated before the oil is applied, and 

then becomes fmooth. — The fame gentleman told 

me, he had heard it was a pra&ice with thefiftier- 

men 
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men of xisbon when about to return into the river, 
(if they Taw before th6m too great a furf upon the 
bar, which they apprehended might fill their boats 
in pafling) to empty a bottle or two of oil into the 
fea, which" would fupprefs the breakers, and allow 
them to pafs fafely : a confirmation of this I have 
not fince had an opportunity of obtaining. But dif- 
cburfing of it with another perfon, who had often 
been in the Mediterranean, I was informed that the 
divers there, who, when under water in their bufinefs, 
need light, which the curling of the furface inter- 
rupts by the refractions of (o many little waves, 
let a fmall quantity of oil-now and then out of their 
mouths, which riling to the furface fmooths it, and 
permits the light to come down to them. — All thefe 
informations I at times revolved in my mind, and 
wondered to find no mention of them in our books 
of experimental philofophy. 

At length being at claph am where there is, on 
the common, a large pond, which I obferved to be 
one day very rough with the wind, I fetched out a 
cruet of oil, and dropt a little of it on the water. I 
fawitfpread itfelf with furprizing fwiftnefs upon the 
furface % but the effeft of fmoothing the waves Was not 
produced; for I had applied it firft on the leeward 
fide of the pond, where the waves were largeft, and 
the wind drove my oil back upon the ftiore. 1 then 
Went to the windward fide, where they began to 
form ; and there the oil, though not more than a tea 
fpoonful, produced an inftant calm over a fpace feveral 
yards fquare, which fpread amazingly, and extend- 
ed itfelf gradually till it reached the lee fide, making 
all that quarter of the; pond, perhaps half an acre, 
as fmooth as a looking-glafs. 

Vol. LXIV. Mmm Afte 
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After this, I contrived to take with roe, whenever 
I went into the country, a little oil in the upper hol- 
low joint of my bamboo cane, with which I might 
repeat "the experiment as opportunity fhould offer; 
and I found it constantly to fucceed* 

In thefe experiments, one circumftance flruck me 
with particular furprize. This was the fudden, wide,, 
and forcible fpreadingof a drop of oil on the face of 
the water, which I do not know that any body has 
hitherto confidered* If a drop of oil is put on a 
polifhed marble table, or on a looking-glafs that lies 
horizontally; the drop remains in its place, fpread- 
ing very little. But when put on water it ipreads 
inftantly many feet round, becoming fo thin as to 
produce the prifmatic colours, for a considerable fpace, 
and beyond them fo much thinner as to be invifible,. 
except in its effeft of fmoothing the waves at a much 
greater diftance. It feems as if a mutual repulfion 
between its particles took place as ibon as it touched 
the water, and a repulfion fo ftrong as to ait on other 
bodies fwimming on the furface, as ftraws, leaves, 
chips, &c. forcing them to recede every way from 
the drop, as from a center, leaving a targe clear fpace- 
The quantity of this force, and the diftance to which 
it will operate, I have not yet afcertained *, but I think 
it a curious enquiry, and I wifti to underftand whence 
it arifes- 

In our journey to the north, when* we had the plea- 
fure of feeing you at Ormathwaite, we vifited the cele- 
brated Mr. smeaton near Leeds. Being about to 
fhew him the fmoothing experiment on a little pond 
near his houfe, an ingenious pupil of his, Mr. Jeflbp, 
then prefent, told us of an odd appearance on that pond, 
2 which 
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which had lately occurred to him. He was about to 
clean a little cup in which he kept oil, and he threw 
upon the water feme flies that had been drowned in 
theoil. Thefe flies prefently began to move, and turn- 
ed round on the water -very rapidly, as if they were 
vigorously alive, though on examination he found 
they were not fo. I immediately concluded that the 
motion was occasioned by the power of the repulfion 
abovementioned, and that the oil ifluing gradually 
from the fpungy body of the fly continued the mo- 
tion. He found fome more flies drowned in oil, 
with which the experiment was repeated before us. 
To fhew that it was not any effeft of life recovered 
by the flies, I imitated it by little bits of oiled chips 
and paper cut in the form of a comma, of the fize of a 
common fly; when the flream of repelling particles 
ifluing from the point, made the comma turn round 
the contrary way. This is not a chamber experiment ; 
for it cannot well be repeated in a bowl or difli of 
water on a table. A considerable furface of water is 
neceflary to give room for the expanfion of a final i 
quantity of oil. In a difh of water, if the fmalleft 
drop of oil be let fall in the middle, the whole fur- 
face is prefently covered with a thin greafy film pro- 
ceeding from the drop $ but as foon as that film has 
reached the fides of the difh, no more will ifluefrom 
the drop, but it remains in the form of oil, the fides 
of the difh putting a flop to its diflipation by pro- 
hibiting the farther expanfion of the film. 

Our friend Sir john prtngle being foon after in 
Scotland, learnt there, that thofe employed in the 
herring fifhery, could at a diftance fee where the 
fhoals of herrings were, by the fmoothnefs of the 

M m m 2 wat?r 
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water over them, which might poflibly be occasion- 
ed, he though^ by fome oilinefs proceeding from 
their bodies. 

A gentleman from Rhode- ifland told me, it bad 
been remarked that the harbour of Newport was 
ever fmooth while any whaling veflels were in it ^ 
which probably arofe from hence, that the blubber 
which they fometimes bring loofe in the hold, or the 
leakage of their barrels, might afford fome oil, to 
mix with that water, which from time to time they 
pump out to keep the veflel free, and that fame oil 
might fpread over the furface of the water in the 
harbour, and prevent the forming of any waves. 

This prevention I would thus endeavour to explain. 

There feems to be no natural repulfion between 
water and air, fuch as to keep them from coming 
into contadl with each other. Hence we find a 
quantity of air in water ; and if we extract it by 
means of the air-pump, the fame water again ex- 
pofed to the air, will foon imbibe aj> equal quantity. 

Therefore air in motion, which is wind, in paffing 
over the fmooth furface of water, may rub, as it 
were, upon that furface, and raife it into wrinkles, 
which, if the wind continues* are the elements of 
future wave?*. 

The fmallefl wave once raifed does not immedi- 
ately fubfide, and leave the neighbouring water 
quiet: but in fubfiding raifes nearly as much of the 
water next to it, the friction of the parts making lit- 
tle difference. Thus a ftooe dro.pt in a pool raifes 
firft a (ingle wave round itfelf ; and leaves it, by 
finking to the bottom ; but that firft wave fubfiding 
raifes a iecond, the fecond a third, and fo on in circles 
to a great extent* 

A foiali 
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A fmall power continually operating will produce 
a great a&ion. A finger applied to a weighty fuf« 
pended bell, can at firft move it but little v if re- 
peatedly applied, though with no greater ftrength, 
the motion increafes till the bell fwings to its utmoft 
height, and with a force that cannot be refifted by the 
whole ftrength of the arm and body. Thus the 
fmall firft-raifed waves, being continually a£ted up- 
on by the wind, are, though the wind does not in- 
crease in ftrength, continually increafed in magni- 
tude, rifing higher and extending their bafes, fo as 
to include a vaft mafs of water in each wave, which 
in its motion afts with great violence. 

But if there be a mutual repulfion between the 
particles of oil, and no attraction between oil and 
water, oil dropt on water will not be held together 
by adhefion to thefpot whereon it falls ; it will not 
be imbibed by the water ; it will be at liberty to ex- 
pand itfelf; and it will fpread on a furface that, be- 
fides being fmooth to the moft perfeft degree of 
polilh, prevents, perhaps by repelling the oil, all im 
mediate contadt, keeping it at a minute diftance from, 
itfelf 5 and the expansion will continue, till the mu- 
tual repulfion between the particles of the oil is 
weakened and reduced to nothing by their diftance* 

Now I imagine that the wind blowing over water 
thus covered with a film of oil, cannot eafily catch 
upon it, fo as to raife the firft wrinkles, but Aides 
over it, and leaves it fmooth as it finds it. It moves 
a little the oil indeed, which, being between it and 
the water, ferves it to Aide with,, and prevents fri&ion* 
as oil does between thofe parts of a machine, that 
would otherwife rub hard together. Hence the 

oil 
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oil dropt on the windward fide of a pond proceeds 
gradually to leeward, as may be feen by the fmooth- 
nefs it carries with it, quite to the oppofite fide. 
For the wind being thus prevented from raifing the 
firft wrinkles that I call the elements af waves, cannot 
produce waves, which are to be made by continual- 
ly adting upon and enlarging tbofe elements, and thus 
the whole pond is calmed. 

Totally therefore we might fupprefs the waves in 
any required fflace, if we could come at the wind- 
ward place where they take their rife. This in the 
ocean can feldom if ever be done* But perhaps 
-Something may be done on particular occafions, to 
moderate the violence of the waves, when we are 
in the midft of them, and prevent their breaking, 
where that would be inconvenient. 

For when the wind blows frefti, there are con- 
tinually rifing on the back of every great wave, a 
number of fmall ones, which roughen its furface, 
and give the wind hold, as it were, to pufh it with 
greaterforce. This hold is diminished by prevent- 
ing the generation of thofe fmall ones. And pof- 
fibly too, when a wave's furface k oiled, the wind, 
in paffing over it, may rather in fome degree prefs 
it down, and contribute to prevent its rifing again* 
inftead of promoting it. 

This as mere conjefture would have little weight, 
if the apparent effe&s of pouring oil into the midft 
of waves were not considerable, and as yet not 
otherwife accounted for. 

When the wind blows fo frefh, as that the waves 
affc not fufficiently quick in obeying its impulfe, their 
tops being thinner and lighter are pufhed forward, 

broken, 
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broken, and turned over in a white foam. Com- 
mon waves lift a veffel, without entering it j. but thefc 
when large fometimes break above and pour over it, 
doing great damage. 

That this effedt might in any degree be prevent- 
ed, or the height and violence of waves in the fea 
moderated, we had no certain account ; Pliny's 
authority for the practice of fea men in his time being 
flighted. But dilcourfing lately on this fubjedt with 
his excellency Count bentinck of Holland, his foh 
the honourable Captain bentinck, and the learn* 
ed profeflbr allemand, (to all whom I fhewed 
the experiment of fmoothing in a windy day the 
large piece of water at the head of the Green Park $) 
a letter was mentioned which had been received by 
the Count from Batavia, relative to the faving of a 
Dutch fhip in a ftorm, by pouring oil into the fea. 
I much defired to fee that letter, and a copy of it 
was promifed me, which I afterward received c*) . 

(b) Extrait d'une Lettre de Mr, tengnagel a Mrje Comtedfc 
bentinck, ecrite de Batavia le 15 Janvier, 1770. 

Pres des ifles Paulus & Amfterdam nous effuiames un orage, qui 
n'eut rien d'affez particulier pour vous etre marque, fi non que 
notre capitaine fe trouva oblige en tournant fous le vent, de 
verfer de I'huile contre la haute mer, pour empecher les vagues de 
fe brifer contre le navire, ce qui reuffit a nous conferver, & a et& 
d'un tres bon eflet: commeil n'en verfa qu'une petite quantite 
a la fois, la compagnie doit peut-etre fon vaiffeau a fix demi 
aumes d'huile d'olive : j'ai ete prefent quand cela s'eft fait, & je 
ne vous aurois pas entretenu de cette circonftance, fi ce n'etoit 
que nous avons trouve les gens ici fiprevenus contre TexpeVience, 
que les officiers du bord ni moi n'avons fait aucune difficultede 
donner un certificat de la verite fur ce chapitre*. 

Extra& 
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** ExtraQ: of a Letter from Mr, tengnaoel to 
44 Count BENTiNCK, dated at Batavia the 5th 
of January 1770. 
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41 Near the iflands Paul and Amfterdam, we met 
** with a ftorm, which had nothing particular in it 
44 worthy of being communicated to you, except 
41 that the captain found himfelf obliged, for great- 
4€ er Mety in wearing the (hip, to pour oil into the 
€i Tea, to prevent the waves breaking over her, which 
fC had an excellent effeft, and Succeeded in preferv- 
Ci ing vis. — As he poured out but & little at a time, 
" the Eaft India company owes perhaps its fhip to 
only fix demi-aumes of oil olive. I was prefent 
upon deck when this was done 5 and I fhould not 
44 have mentioned this circumftance to you, but that 
" we have found people here fo prejudiced againft 
44 the experiment, as to make it neceflary for the 
" officers on board and myfelf to give a certificate of 
u the truth on this head, of which we made no 
« difficulty;* 

Onthisoccafion, I mentioned toCaptain bentinck* 
a thought which had occurred to me in reading the 
voyages of our late circumnavigators, particularly 
where accounts are given of pleafant and fertile 
iflands which they much defired to land upon, when 
licknefs made it more neceflary, but could not ef- 
fect a landing through a violent furf breaking on 
the fliore, which rendered it impracticable. My 
idea was, thatpoflibly by failing to and fro at fome 
cliftance from fuch lee fhore, continually pouring oil 

into 
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into the lea, the waves might be fo much depreffed 
and leffened before they reached the fhore as to abate 
the height and violence of the furff, and permit a 
landing ; which, in fuch circumftances, was a point 
of fufficient importance to jufUfy the expence of the 
oil that might be requifite for the purpofe. That 
gentleman, who is ever ready to promote what may 
be of public utility, though his own ingenious in- 
ventions have not always met with the countenance 
they merited, was fo obliging as to invite me 
to Portfmouth, where an opportunity would pro- 
bably offer, in the courfe of a few days, of making 
the experiment on fome of the fhores about Spit- 
head, in which he kindly propofed to accompany 
me, and to give affiftance with fuch boats as might 
be neceffary. Accordingly, about the middle of 
Oftober laft, I went with fome friends to ports- 
mouth ; and a day of wind happening, which made 
a lee-fhore between hasl ar hospital and thePoint 
near jillkecker, we went from the Centaur with 
the long-boat and barge towards that ftiore. Our 
difpofition was this : the long-boat was anchored 
about a quarter of a mile from the fhore ; part of 
the company were landed behind the Point (a place 
more fheltered from the fea) who came round and 
placed themfelves oppofite to the long-boat, where 
they might obferve the furff, and note if any change 
occurred in it, upon ufing the oil. Another party* 
in the barge, plyed to windward of the long-boat, 
as far from her as fhe was from the ihore, making 
trips of about half a mile each, pouring oil con- 
tinually out of a large ftone-bottle, through a hole 
in the cork, fome what bigger than a gooie-quiU. 
Vol. LXIV. Nun The 
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The experiment had not, in the main point, th 
fbccefs we wifbed, for no material difference was 
obferved in the height or force of the furff upon the 
fhore 5 but thofe who were in the long-boat could 
obferve a trad of fmoothed water, the whole length 
of the diftance in which the barge poured the oil, 
and gradually fpreading in breadth towards the long- 
boat. I call it fmoothed, not that it was laid level ; 
but becaufe, though the fwell continued, its furface 
was not roughened by the wrinkles, or fmaller waves, 
before-mentioned^ and none, or very few white- 
caps (or waves whofe tops turn over in foam) ap- 
peared in that whole fpace, though to windward 
and leeward of it there were plenty * r and a wherry, 
that came round the point under fail, in her way to 
Portfmouth, feemed to turn into that traft of choice, 
and to ufe it from end to end, as a piece of turn- 
pike-road. 

It may be of ufe to relate the circumftances even 
of an experiment that does not fucceed, fince they 
may give hints of amendment in future trials : it is 
therefore I have been thus particular,, I fhall only 
add what I apprehend may have been the reafon of 
our difappointment. 

I conceive, that the operation of oil on water is, 
firft, to prevent the raifing of new waves by the 
wind ; and, fecondly, to prevent its pufliing thofe 
before raifed with fuch force, and confequently their 
continuance of the fame repeated height, as they 
would have done, if their furface were not oiled. 
But oil will not prevent waves being raifed by another 
power, by a ftone, for inftance, falling into a ftill 
pool i for they then rife by the mechanical impulfe 

of 
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of the ftone, which the greafinefs on the fur- 
rounding water cannot lelTen or prevent, as it can 
prevent the winds catching the furface and railing it 
into waves. Now waves once raifed, whether by 
the wind or any other power, have the fame me- 
chanical operation, by which they continue to rife 
and fall, as a pendulum will continue to fwing, a 
long time after the force ceafes to aft by which the 
motion was firft produced: that motion will, how- 
ever, ceafe in time ; but time is neceffary. There- 
fore, though oil fpread on an agitated fea, may 
weaken the pufh of the wind on thofe waves whofe 
furfaces are covered by it, and fo, by receiving lefs 
frefh impulfe, they may gradually fubfide; yet a 
confiderable time, or a diftancs through which they 
will take time to move, may be neceffary to make 
the effect -fenfxble on any fhore in a diminution of 
the furff: for we know, that when wind ceafes 
fuddenly, the waves it has raifed do not as fuddenly 
fubfide, but fettle gradually, and are not quite down 
till long after the wind has ceafed. So though we 
fhould, by oiling them, take off the effeft of wind 
on waves already raifed, it is not to be expeded that 
thofe waves fhould be inftantly levelled. The mo- 
tion they have received will, for fome time, con- 
tinue ; and, if the fhore is not far diftant, they 
arrive there fo foon, that their effedt upon it will not 
be vifibly diminished. Poflibly, therefore, if we 
had begun our operations at a greater diftance, the 
effedl might have been more fenfible. And per- 
haps we did not pour oil in fufficient quantity. Fu- 
ture experiments may determine this. 

N n n 2 I was* 
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I was, however, greatly obliged to Captain ben- 
tinck, for the chearjful and ready aids he gave me : 
and I ought not to omit mentioning Mr, banks,. 
Dr. solander, General carnac, and Dr. blag- 
den, who all aflifted at the experiment, during that 
bluftring unpleafant day, with a patience and a&ivity 
that could only be infpired by a zeal for the improve- 
ment of knowledge, fuch efpecially as might pof- 
fibiy be of ufe to men in fituations of diftrefs. 

I would wifli you to communicate this to your 
ingenious friend, Mr. farish, with my refpe&sj. 
and believe me to be, with fincere efleem, 

dear sir> 

Your moft.obedient humble fervant, 

B, FRANKLIN. 
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